Effective analysis of a community-based intervention during heat waves to improve knowledge, attitude and practice in a population in Licheng District, Jinan City, China 
Introduction
Reports from the Intergovernmental Panel on Climate Change in 2012 pointed out that increased intensity, frequency and duration of extreme weather events (e.g. heat waves, cold spells and droughts) are unequivocal. 1 Heat waves often cause the largest number of human deaths among all severe weather events. 2 Without action to address the continued rise in risks associated with heat waves, 3 the number of people exposed to those risks will likely increase significantly.
Previous studies have shown the varying associations between heat and mortality with different definitions of heat waves and different weather parameters. [4] [5] [6] [7] [8] [9] [10] [11] [12] Most of these studies have shown increases in mortality and morbidity due to heat wave exposure on a global scale. In 2010, 33% of the increase in deaths were caused by heat waves in Québec, Canada. 7 According to one annual global estimate, heatrelated deaths are expected to increase to~90 000 by 2030 and to more than 255 000 by 2050. 8 In addition to worldwide increases in mortality and morbidity, heat waves also dramatically threaten population health and safety in China. [13] [14] [15] Compared with the average values for corresponding periods in 2011 and 2012, 679 extra heat-related illnesses were estimated during heat waves in 2013. 16 A nationwide study in China 17 estimated that 5.0% of excess deaths might be linked to heat waves.
Various strategies have been implemented in many parts of the world to combat the continuous threat of heat waves, including adaptation and intervention strategies. [18] [19] [20] These strategies aim to directly reduce the burden on national health budgets and enhance community resilience. As one type of strategy, heat health warning systems have been implemented in nearly half of the European countries. 21 To address the adverse impact of heat waves, increased intervention measures have been implemented by the Chinese government. Despite these efforts, there is still a lack of evidence concerning intervention efficacy due to difficulties in the evaluation process since intervention programs are usually implemented on a large scale and influenced by multiple factors. 22, 23 To effectively evaluate interventions, we developed a Heat Wave Intervention Program (HWIP), which was designed to improve knowledge, attitude and practice (KAP) through promoting intervention programs that reduce the negative health impacts of heat waves. The HWIP does this via governmental organization service providers under the direction of the Chinese Center for Disease Control and Prevention (CDC) and the Licheng CDC. Multidisciplinary coordination departments are responsible for the intervention project implementation. The HWIP is made up of four main parts (see Supplementary data, Appendix A for more details).
To evaluate the effectiveness of the HWIP, a quasiexperiment 24 was conducted in the Licheng District in Jinan City, China. Jinan, known as one of the four 'ovens', is located in northeast China in a warm temperature zone. Recently, heat waves have become increasingly common in Jinan with continuous associated risks. 9 Since Jinan is a place where serious heat waves occur regularly within China, Licheng may well represent the overall status of Jinan, which is why we chose this area as the study site. KAP were used as the three indicators of health impacts in our research. Finally, changes in KAP during heat waves were evaluated using a difference-in-difference (DID) model to provide theoretical evidence about the effectiveness of the HWIP.
Methods

Study design and subjects
In our study, two equal groups were analyzed, an intervention group and a control group. Four streets were selected by Licheng CDC with similar demographic characteristics and the economic status required for this program. They were Shanda, Quanfu, Baoshan and Wangsheren (Fig. 1) , with two streets located in urban areas (Shanda and Quanfu) and the other two (Baoshan and Wangsheren) in rural areas. Quanfu and Baoshan were assigned to the intervention group, and Shanda and Wangsheren to the control group.
The nature of the intervention in the Licheng district was executed in both of the groups; and it mainly included: (i) the government issues subsidies to workers when the temperature is high; (ii) workers can adjust their work time according to the daily peak temperature. In our study, the program was executed only in the intervention group from May to August, 2015, while the control group did not receive any extra interventions during this time. Two cross-sectional surveys were carried out in the two groups before and after the intervention program, in September 2014 and September 2015.
A stratified, two stage probability proportion to size sampling method was employed in this research. First, 600 households were randomly chosen from each street for the cross-sectional investigations. Secondly, all participants aged over 14 years who had been living in that area for at least 6 months were registered, and one eligible local resident in each household was selected using the KISH grid method. A total of 2400 individuals were selected from each survey. All participants in this research gave their written informed consent after reading through the consent forms. The study was reviewed and approved by the Ethical Committee of the Chinese CDC (No. 201214). Permission was also issued by the directors of Licheng CDC.
Data collection
The two cross-sectional surveys were conducted preintervention (2014) and post-intervention (2015), during which each subject was interviewed at home by a well-trained investigator using a structured questionnaire. In this questionnaire, 13 questions were asked regarding KAP. Knowledge (K), attitude (A) and practice (P) were represented by 8, 1 and 4 questions, respectively (Supplementary data, Table SB1 further details the structure of the questionnaire). In the K and P sections, 'Yes' answers were assigned 1 point and 'No' answers were assigned 0 points. K and P scores were assessed by adding the points for each question. In the attitude portion, a scale of 5 was used as the marking scheme, corresponding to five question options, from 'not at all' to 'very much', which were valued from 1 to 5. The total KAP score was the sum of the scores of these three components.
Statistical analysis
Mean and standard deviation (SD) were calculated for KAP scores in different population sub-groups. Categorical variables were computed as a percentage of subjects with the perspective attribute. DID analysis was used to examine the efficiency of the HWIP.
DID analysis DID analysis is one of the most frequently used and informative study designs for evaluating the effects of interventions in social sciences. In our study, DID estimation was used to assess the efficacy of interventions on KAP while controlling socioeconomic characteristics of subjects in the fixed effects logistic model.
To briefly introduce DID analysis, 25, 26 consider an intervention implemented at some point in time between 2014 as time a and 2015 as time b. There are only two groups (g = 0 or 1), and the intervention group is assigned 1. For an individual i with responses y ia and y ib ; ðy ia − y ib jg ¼ 0Þ includes only the time effect, whereas, E ðy ia − y ib jg ¼ 1Þ includes both the time and intervention effects. Thus, the equation DID ¼ E ðy ia − y ib jg ¼ 1Þ − E ðy ia − y ib jg ¼ 0Þ identifies the desired intervention effect (or the net effect of policy reform). The DID estimator is actually the coefficient of the interaction term between time and group (group * time) in a linear regression model with group, time and demographic characteristics as covariates (age, gender, Hukou, education, marital status, occupation and income). In our study, 'Hukou' refers to a government registered permanent residence. Model 1 estimated the effect of only three variables (time, group and group * time), while Model 2 evaluated the intervention effect with the incorporation of all previously mentioned variables and covariates. All statistical analyses were performed using STATA (version 13). Statistical significance was defined as two-sided P-values <0.05.
Results
Participant socio-demographic characteristics in different year
The respondent rates for the two surveys were 93.3% (2240/2400) in 2014 and 98.1% (2356/2400) in 2015. In 2014, 1100 control participants and 1140 intervention group participants investigated, with 1213 control participants and 1143 intervention participants being investigated in 2015. There were no statistically significant differences in sociodemographic characteristics during the two years ( Fig. 2) . The percentage of participants in different sub-groups, including gender, education, Hukou and age, were not significantly different (P > 0.05). In general, the population proportions in the two groups were comparable. Since 1953, shortly after the Communists came to power, Chinese citizens have been divided into two strata, urban and rural, not according to where they live, but on a hereditary basis.
A comparison of KAP mean scores in the intervention and control groups
The mean K, A and P scores obtained both pre-and postintervention for the control and intervention groups are listed in Table 1 . The mean K and A scores in 2015 were less than those for 2014 in the control group, which was contrary to the findings for the intervention group. In both groups, the total mean P score was higher in 2015 compared to 2014. We assessed the changes in mean K, A and P values in the two groups after the intervention program. Most K, A and P difference values for the control group with its various demographic characteristics were negative, meaning that after the intervention year, the mean KAP score decreased. However, contrary results were seen in the intervention group, in which the mean K, A and P scores for different sub-groups were higher in 2015 (Supplementary data, Figure SB1 ). The net difference value was equal to the difference value for the intervention group minus that of the control group. It was obvious that the net value of K had statistically significant differences in most of the sub-groups. The net value of A after the intervention year was statistical higher according to gender. Among K, A and P, most of the net value was positive in most of the sub-groups. However, most of the net values of P made no statistical difference, except for people aged 60-74, people living in different areas, people who were unemployed, and participants with a monthly income of $483-805.
DID estimation
After adjustment for some demographic characteristics, the DID linear regression model showed that the intervention measures had some positive effects on the three outcome variables (Table 2) . Intervention was positively associated with the K score (ß = 0.374, P < 0.001) in Model I. When considering the covariates, we again found a positive association between intervention measures and K (ß = 0.387, P < 0.001), meaning people who adopted intervention measures are expected to have 0.387 higher scores than people who did not. The other two outcome variables (A and P) resulted Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD 
Discussion
Main finding of this study
We demonstrated that participants in the intervention group had higher K, A and P difference values than those in the control group. The results also showed that the intervention measures significantly improved the level of K and A, with some improvements in the P value which were, however, of no statistical significance. The small change in P scores (ß = 0.037) may be due to the four items of P being common behaviors that most participants already performed, making it difficult to distinguish any differences in the variable. To better evaluate the intervention effects on P, we should set more questions and further assess the change of the score after the program. In general, the HWIP effectively promoted the public's K, A and P concerning heat waves in the Licheng.
What is already known on this topic
Identifying contributing factors of a population vulnerable to heat waves is particularly crucial because heat waves affect the most disadvantaged groups. Previous studies indicated that women might be more vulnerable to heat-related deaths than men. 17, 27, 28 It may be that women tend to be more emotional or psychologically affected during stressful events, since heat waves are known as environmental stressors. 29, 30 In our study, the program played a positive role in K and A. A study by Grothmann et al. 31 found that K can drive behavior changes, while a study by Nigatu et al. 32 showed a positive association between participant awareness of climate change and determination to address those changes. Behavior adaption to heat is an important factor to reduce heat-associated death. 29 Behavioral changes provided the most significant protection in the Vandentorren study. 33 Therefore, we can infer that our intervention program can reduce the negative impact of heat waves by increasing K and changing A. A study by Bell et al. 34 examined the controversial finding that men were more vulnerable to heat waves, which was consistent with a study conducted in Guangdong. 35 This indicates that we should direct preventive measures toward men as well as women. According to the results of our research, the HWIP improved male's K and A, which is in line with our desired result.
Studies of receiver biases suggest that older people, particularly those aged 75 years and over, might have higher risks of deaths associated with heat waves or high temperatures. 36, 37 However, some older people do not believe that heat waves are a major risk to their health. 35, 38 This is consistent with our results, in which the net difference in A was negative between the intervention and control groups. DID analysis showed that the HWIP did not result in statistically significant changes in A, which could be due to a number of reasons. First, public attitude and beliefs about heat waves may be shaped by pre-existing knowledge and information received *SE, standard errors. *P < 0.05, **P < 0.01 and ***P < 0.001.
from other sources. 27 The level of knowledge may influence attitudes. 31, 32 Older people obtain information mostly through traditional media, such as television, 27 since they may find using new technology, such as the internet and smart phones, more challenging. Using electronic mass media was significantly associated with increasing knowledge about the health impacts of climate change. Second, attitudes among older people may be related to their everyday interactions within society. 27 Due to their older age, many members of this generation may live alone and have pre-existing circulatory or respiratory diseases, which in itself contributes to heat susceptibility. 37, 39 Therefore, further studies are necessary that examine how to effectively improve the risk perception level for the elderly, as well as other different subgroup populations. This research could provide rewarding information that improves the adaptive capacity of special populations.
Importantly, the HWIP had only small effects on student KAP values, while the net difference in K scores was negative (−0.45). This could have occurred because the project was mainly conducted at the community level rather than in schools, which draws less students' attention. A cross-sectional study in Ethiopia 32 showed that high awareness was expressed among health science students, who were more highly educated than the general population. These students knew about climate change and were more likely to be aware of climate change-associated health impacts, which suggested that providing further information about this relationship may encourage students to learn even more. It also suggests that increasing student knowledge on climate change and health linkages through climatology courses that cover heat waves and other extreme weather events can facilitate their involvement in preventive programs and actions addressing this problem. A study about global health 40 also showed that strengthening health sciences school programs is necessary and urgent in order to strengthen a nation's capacity to successfully deal with climate change impacts. Meanwhile, improvements in knowledge level can be transmitted to family and friends through everyday communication.
Heat has a disproportionate impact on outdoor laborers which is consistent with the finding by Zhang et al. that heat had a greater effect on migrant farmworkers. 41 Usually, the majority of outdoor employees were young men who may not consider themselves as the vulnerable population. 42 In our study, the score of K and A on males improved significantly in intervention group. To some extent, we believed our intervention measures played an important role to protect the males especially the outdoor laborers. The intervention also had a significant effect on KAP for those people living in urban areas where the impact of the urban heat island (UHI) effect cannot be ignored. 43 Some research has detected the greater risk of death on hot days due to UHI. To improve the level of population KAP, it can be considered to implement the similar intervention measures in urban areas. In addition, it is so complicated to response the negative influence of UHI 44 that only taking our intervention program may be not enough. Therefore, further support is needed from the government, such as increasing the area of vegetation, 45 building dwellings with specially designed to absorb less radiation 46 and enhancing the temperature-detected method across a metropolitan region. 47 
What this study adds
To the best of our knowledge, the present study is the first to explicitly examine the impact of HWIP measures on KAP using mean K, A and P scores to assess the effectiveness of an intervention program in Jinan, China. In our study, higher mean KAP scores represent better intervention effects. Studies of other heat wave intervention outcomes often use cross-sectional or qualitative analyses. 27, 35 However, our results were analyzed using DID analysis, which can be applied to control confounding variables in pre-, post-or country-level analysis. 48 
Limitations of this study
There were some limitations to our study. First, the actual sample size in the control and intervention groups was not completely homogeneous. Therefore, it is possible that there were geographical, sociocultural, or other factors that may not have been observed over time between pre-and postintervention. However, when designing the study we did select streets that had similar economic levels and demographic characteristics in order to balance changes over time. Second, self-reported results of KAP are problematic. As a result of possible recall bias among research participants, evaluation accuracy could be affected. However, to some extent, such errors might have similar impacts on both surveys so that the errors may have canceled out. Thirdly, the local community workers who assisted in our research may have had different comprehension and execution. Thus, before the start of the project, all community executors underwent systematic training. Designated supervisors were also present full-time in the communities in order to provide consistency for the intervention.
Conclusions
In our study, we evaluated the effectiveness of the HWIP on KAP. The intervention program effectively improved participant knowledge and attitude. However, some sub-groups of individuals, such as students and people with lower incomes were not statistically affected regarding KAP. Therefore, corresponding changes in existing intervention strategies are aimed at protecting vulnerable subjects. A cost-benefit analysis should also be performed to test the cost effectiveness of the program in future work. Furthermore, future research should examine whether or not intervention strategies could be effective in other domestic or international regions where heat waves are of common occurrence.
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